The Drosophila Jak Kinase Hopscotch Is Required for Multiple Developmental Processes in the Eye  by Luo, Hong et al.
M
F
Developmental Biology 213, 432–441 (1999)
Article ID dbio.1999.9390, available online at http://www.idealibrary.com onThe Drosophila Jak Kinase Hopscotch Is Required
for Multiple Developmental Processes in the Eye
Hong Luo,*,1 H. Asha,*,1 Lutz Kockel,† Tim Parke,* Marek Mlodzik,†,2
and Charles R. Dearolf*,2,3
*Department of Pediatrics, Massachusetts General Hospital, and Harvard Medical School,
Boston, Massachusetts 02114; and †Developmental Biology Programme, EMBL,
Meyerhofstrasse 1, 69117 Heidelberg, Germany
Jak kinases are critical signaling components in hematopoiesis. While a large number of studies have been conducted on the
roles of Jak kinases in the hematopoietic cells, much less is known about the requirements for these tyrosine kinases in
other tissues. We have used loss of function mutations in the Drosophila Jak kinase Hopscotch (Hop) to determine the role
of Hop in eye development. We find that Hop is required for cell proliferation/survival in the eye imaginal disc, for the
differentiation of photoreceptor cells, and for the establishment of the equator and of ommatidial polarity. These results
indicate that hop activity is required for multiple developmental processes in the eye, both cell-autonomously and























The Jak (Janus) family of nonreceptor tyrosine kinases
plays a critical role in cytokine-activated signaling path-
ways (reviewed in Ihle et al., 1995; Darnell, 1997; Leonard
and O’Shea, 1998). Four members of this protein family
have been identified in mammals (Jak1, Jak2, Jak3, and
Tyk2). A homolog has also been discovered in Drosophila,
encoded by the hopscotch (hop) locus (Binari and Perrimon,
1994). Extensive studies of mammalian Jak kinase function
have led to a model to explain the rapid and specific
response of cells to extracellular ligands. In particular,
cytokine stimulation causes the activation of receptor-
associated Jak kinases, which leads to the phosphorylation
of downstream signaling components. Among these down-
stream molecules are the Stat family of latent cytoplasmic
transcription factors, which in turn regulate the expression
of cytokine-inducible genes. Negative regulators of Jak
function have also been identified (Endo et al., 1997; Naka
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432t al., 1997; Starr et al., 1997). In addition, other signaling
omponents are activated by cytokine stimulation (Gold et
l., 1994; Miura et al., 1994; Carroll et. al., 1991; Cutler et
l., 1993), although the interaction of these proteins with
he Jak kinases is not well understood.
The biological roles of mammalian Jak kinases are best
nown in the hematopoietic systems. Jak3 is required for
he development of both B and T lymphoid cells, which is
onsistent with the restricted expression of Jak3 in hema-
opoietic cells (Thomis et al., 1995; Russell et al., 1995;
acchi et al., 1995; Nosaka et al., 1995). The disruption of
he murine Jak2 gene causes a failure of definitive erythro-
oiesis, leading to embryonic lethality (Parganas et al.,
998; Neubauer et al., 1998). Jak1-deficient mice die peri-
atally and have profound abnormalities in lymphoid de-
elopment and in responding to specific cytokines (Rodig et
l., 1998). Furthermore, translocations resulting in the
onstitutive activation of Jak2 have been implicated in
uman T- and B-cell acute lymphoblastic leukemias, as
ell as in chronic myelogenous leukemia (Lacronique et
l., 1997; Peeters et al., 1997; Schwaller et al., 1998).
owever, the in vivo roles of these Jak kinases in later
tages of mammalian development, or in tissues other than
he hematopoietic system, are not as well understood.
In Drosophila, as in mammals, a Jak kinase regulates
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433Roles of Hop in Eye Developmentblood cell development. Two dominant mutations, hopTum-l
and hopT42, cause an overproliferation and premature differ-
entiation of larval blood cells (Luo et al., 1995; Harrison et
al., 1995; Luo et al., 1997). In addition, genetic studies with
recessive alleles demonstrate that hop is required for the
regulation of other developmental processes (reviewed in
FIG. 1. Hop is required for eye development. (A–D) Scanning elect
R wild-type fly. (B) A hopmsv1/hopGA32 transheterozygous female show
mmatidial fusion and duplicated bristles can be seen. (C) A hopmsv1
compared to wild type. The ommatidia are arranged irregularly an
yeless phenotype and concomitant duplication of the antenna. (E–H
ild-type ommatidium consists of eight photoreceptor cells (seven
orsal and ventral ommatidia pointing toward the equator (dotted
agnification of a dorsal (top, arrow) and a ventral (bottom, arrow
ye section of a hopmsv1 homozygous female showing the chiral
mmatidia along the equator. (H) Eye section of a hopmsv1/hopGA
ommatidia, and loss of ommatidial chirality (arrow). In all the panDearolf, 1999; Hou and Perrimon, 1997). hop mutants are
defective in embryonic segmentation (Perrimon and Ma-
r
b
Copyright © 1999 by Academic Press. All rightowald, 1986), and several components of this embryonic
ignaling pathway have been identified. The unpaired gene
ncodes a secreted factor which has been proposed to be a
igand for Hop signaling in the embryo (Harrison et al.,
998), although the receptor is still unknown. Upon activa-
ion, Hop phosphorylates Stat92E (D-Stat), which in part
icrography of wild-type (A) and hop mutant eyes (B–D). (A) Oregon
a mild reduction in eye size and roughness in the equatorial region.
M38 female having a smaller eye with significantly fewer ommatidia
plicated bristles are seen. (D) A hopmsv1/hopM38 female showing an
ctions of wild-type (E, F) and hop mutant eyes (G, H). (E and F) Each
e eight photoreceptor cells are seen in a given focal plane), with the
in E). Schematic diagrams shown bottom in (E, G, H). (F) High
atidium with a diagram relating to ommatidial arrangement. (G)
hange of two ommatidia in the dorsal half and misrotations of
ale showing loss of photoreceptor cells (circle), misrotations of








ity cegulates the expression of the transcription factor encoded
y the even-skipped segmentation gene (Hou et al., 1996;















434 Luo et al.Yan et al., 1996a). During larval development, hop is
required for the proliferation of diploid imaginal precursor
cells, as strong hop mutants have a small disc/discless
phenotype (Perrimon and Mahowald, 1986). This phenotype
indicates that Hop activity is critical for the development of
adult tissues. At the present time, little is known about the
Hop signaling pathways that regulate the development of
adult tissues. Therefore, we investigated the developmental
roles of Hop in the Drosophila eye, a tissue that has been
extremely useful for the elucidation of signal transduction
pathways.
In the work described here, we examined the eye pheno-
types in both transheteroallelic mutant hop adults and
homozygous hop eye clones. We found that hop plays a role
in multiple aspects of eye development, including the
proliferation/survival of eye imaginal disc precursor cells,
the differentiation of photoreceptor cells, and the establish-
ment of ommatidial polarity and the equator. Thus, our
results have uncovered unexpected developmental roles for
the Hop Jak kinase. They further provide the foundations
for identifying the interactions of the Hop signaling path-
way with other known pathways in the Drosophila eye.
MATERIALS AND METHODS
Fly culture and genetic crosses. Flies were cultured on stan-
dard cornmeal–molasses–agar–yeast medium supplemented with
Tegosept and live yeast. The wild-type strain used is Oregon R.
Mutations include yellow (y; 1–0.0), white (w; 1–1.5), hop (1–34.5),
nd Balancer chromosomes Basc, FM6k, and FM7a (Lindsley and
imm, 1992).
FIG. 2. Schematic representation of the molecular lesions identifi
Harpur et al. (1992). The kinase and kinase-like domains correspond
wo mutations, one of which is a premature stop codon. The hopJ1A.1
retain that mutation (G341E).Complementation studies with recessive hop alleles were con-
ucted at 28°C, because hopmsv1 is a temperature-sensitive muta-
Copyright © 1999 by Academic Press. All rightion (H. Luo and C.R. Dearolf, unpublished observation). hopmsv1/
Bsv1Yy1 males, which carry a hop1 gene on the Y chromosome
duplication, were mated to y hop/Basc females. Female progeny
that survived to adulthood were examined.
Molecular analyses of hop mutations. To characterize the
molecular lesions in loss of function hop mutations, we isolated
mRNA from third instar larvae hemizygous for each hop mutation
and performed RT-PCR to amplify the entire coding region of hop.
The PCR products were gel purified and sequenced as previously
described (Luo et al., 1995).
Clonal analyses. Mitotic clones in the eye were generated
sing the FLP/FRT method (Xu and Rubin, 1993). Two approaches
ere taken to examine hop clones. To recover hopC111 and hopM13
clones, progeny obtained from the cross of w1118 hop FRT18A/FM6k
ith FRT18A/Y; Sb, hsFLP3/TM6B were heat shocked for 1 h at
8.5°C during second instar larval stages. Female adults with the
enotype w1118 hop FRT18A/FRT18A; Sb, hsFLP3/1 were scored for
hop clones in the eyes. Clones were identified as w/w. Alterna-
tively, to identify twin spots of hopC111 and hop1 clones in an
otherwise heterozygous fly, hopC111 was recombined on the arm-
acZ, FRT18A chromosome, which allows for the discrimination
etween 13 and 23 doses of the pigment levels. Finally, clones of
-stat1681 were induced in males of the genotype w1118, ey-FLP1;
tat92E1681 FRT82B/FRT82B. The ey-FLP1 stock was a generous gift
of Barry Dickson.
Histological analyses. Adult eyes were prepared for scanning
electron microscopy as described by Kimmel et al. (1990). Eyes
were processed for sectioning and analysis following Tomlinson
and Ready (1987) with the modification described by Carthew and
Rubin (1990). Pictures were taken using either a Nikon Eclipse
E800 or a Zeiss Axiophot microscope.
Eye discs were dissected from third instar larvae grown at 28°C
and fixed in 1% glutaraldehyde in PBS for 15 min at room
temperature. The discs were then rinsed with PBS three times,
n Hop mutant proteins. The domain definition is based on that of
he JH1 and JH2 domain, respectively. hopV48 and hopVA108 both have
hopF1.1 mutations were both generated in a hopTum-l background anded i
to timmersed in X-Gal staining solution, and incubated at 37°C
overnight.


























435Roles of Hop in Eye DevelopmentRESULTS
Multiple Abnormalities of Transheterozygous hop
Mutant Eyes
We first examined the adult eyes of surviving females
that were transheterozygous for the hypomorphic hopmsv1
allele along with one of several stronger hop recessive
alleles. Such combinations were previously shown to yield
FIG. 3. hop mutant clones have growth disadvantage. (A and B)
hopC111 clones marked by 23 w1 pigment dosage and corresponding
op1 twin spot marked by w2 (absence of pigment). Eye sections
re shown in left panels, and corresponding schematic diagram on
he right. Note that the w2 tissue (hop1/hop1) significantly over-
rows the w1/w1 (hop2/hop2) tissue. Heterozygous area is shown
s yellow in schematic and can be identified as being weakly
igmented in actual section.adult survivors, at a reduced rate of viability (Perrimon and
Mahowald, 1986). These females display several defects in
p
s
Copyright © 1999 by Academic Press. All righteye development (Fig. 1). Homozygous or hemizygous
hopmsv1 flies also have similar eye defects (Fig. 1G). In the
most extreme cases, an eye is completely missing, with a
concomitant duplication of the antenna (Fig. 1D). A milder
and also slightly more frequent abnormality is the small eye
phenotype (Fig. 1C). Compared with the wild-type eye (Fig.
1A), the small eye is reduced in size in the D/V axis, has
fewer ommatidia, and exhibits irregular ommmatidial ar-
rays with duplicated bristles between ommatidia. Most
frequently, the transheterozygotes showed roughness along
the equatorial region in which ommatidial fusion and
duplicated bristles are seen (Fig. 1B).
To study the cellular basis of these defects, we sectioned
abnormal eyes and examined the configuration of photore-
ceptor cells (Fig. 1E–1H). Consistent with the defects ob-
served in whole mounts (Fig. 1B), the equatorial region is
most affected. A number of ommatidia have fewer than the
full complement of eight photoreceptor cells (seven of the
eight photoreceptor cells are seen in a given focal plane),
with the R1–R6 cells being most frequently affected (Fig.
1H). Furthermore, we observed both misrotations and
changes of chirality of the ommatidia. For example, some of
the ommatidia rotated either fewer or more than 90° and
others display chirality defects (Fig. 1G and 1H). Finally,
some of the ommatidia are fused (data not shown).
Molecular Characterization of Recesive hop
Mutations
We next wished to generate transheterozygous hop fe-
males, in which both hop alleles are strong recessive
mutations. Our rationale was that the eyes of surviving
females might show additional defects not observed with
the weaker hopmsv1. More than 40 mutations at the hop
ocus have been isolated from mutagenesis screens (Lefevre,
971; Geer at al., 1983; Perrimon and Mahowald, 1986;
anratty and Dearolf, 1993; Hanratty and Dearolf, unpub-
ished data). Most of these are strong recessive alleles that
ause hemizygous or homozygous lethality at the larval or
arly pupal stages. We reasoned that the best combinations
ould be between alleles whose molecular lesion resides in
eparate domains of the predicted protein, potentially al-
owing for complementation between alleles. Therefore, we
etermined the hop nucleic acid sequence for a subset of
hese mutations, focusing primarily on the mutations that
ere chemically induced and therefore more likely to result
n amino acid subsitutions.
The summary of the molecular defects in 14 recessive
op alleles, and their effects on the predicted primary
equence of the protein product, is given in Fig. 2. The
ajority of these mutations are either located in the
arboxy-terminal catalytic domain or lead to a premature
ermination that eliminates the catalytic domain. No mu-
ations were identified in several of the conserved JH
rotein domains (Fig. 2). However, saturating genetic
creens for lethal hop alleles have not been conducted, and















436 Luo et al.it is possible that certain amino acid residues within these
domains are indeed required for Hop activity. Although all
of the subsequent transheterozygous combinations we
tested ultimately proved to be lethal (data not shown), the
sequence data provide a foundation for future structure–
function studies of the Hop protein.
Abnormalities Observed by Clonal Analysis
We next generated hop clones in cells of the eye, using
he FLP/FRT technique (Xu and Rubin, 1993). Two strong
ecessive hop alleles were used. These include hopC111,
hich has an internal deletion of approximately 300 bp in
he predicted coding region (Binari and Perrimon, 1994), and
opM13, which has a stop codon in the JH2 domain (Fig. 2).
Clones of mutant tissue were observed at a relatively low
FIG. 4. hop mutant clones showing defects in ommatidial polari
espectively, with a diagram on the right side of each panel showin
he normal equator is indicated by yellow or blue dotted lines. In
orange and green dotted lines). (C) A small hopM13 clone. Vertical a
B). (D) A hopC111 clone (and diagram underneath) showing an ommat
ave been switched, giving rise to opposite chirality (arrow in mic
w1 in (A) and (D) and as w2 in (B) and (C).frequency. Furthermore, the clones that we obtained were
significantly smaller than the wild-type twin spots gener-
Copyright © 1999 by Academic Press. All rightated from the same recombination event (Fig. 3). These
results provide further support for a role of Hop in the
proliferation and/or survival of eye imaginal disc precursor
cells.
The ommatidia within the hop clones are generally
normal, with occasional missing photoreceptor cells or
polarity defects (Fig. 4). However, many hop clones (in
articular the rare larger clones) showed a dramatic effect
n the polarity of neighboring ommatidia. Strikingly, these
lones generated an ectopic equator at the polar margin of
he clone (Figs. 4A and 4B). Ommatidia at the polar margin
f homozygous hop clones reversed their polarity such that
the ommatidia pointed away from rather than toward the
equator, thus creating an ectopic equator. Moreover, when
a clone was observed very close to the D/V midline, the
equator was deflected away and formed along the border of
and B) hopC111 clones in the dorsal and ventral halves of the eye,
polarity of ommatidia (arrows as described in the legend to Fig. 1).
clones, an ectopic equator is seen at the polar border of the clone
marks an ommatidium with missing photoreceptor cells (see also
with reversed polarity in the A/P axis, where the R3/R4 cell fates




idiumthe clone (data not shown). We found that most of the
ommatidia with reversed polarity were composed entirely













437Roles of Hop in Eye Developmentof wild-type photoreceptor cells. Thus, the requirement for
hop in establishing ommatidial polarity is not cell autono-
ous. Since clones in both the dorsal and the ventral half of
he eye show the same phenotypes, Hop is required
hroughout the eye disc.
Since Stat92E is a downstream signaling component of
Hop during embryogenesis and larval blood cell develop-
ment (Hou et al., 1996; Yan et al., 1996a; Luo et al., 1997),
we tested whether this protein also plays a role in eye
development. We generated mutant eye clones, using the
strong loss of function allele stat92E1681 (Hou et al., 1996).
In contrast to the clonal analyses with hop, we were able to
obtain a large number of mutant clones. Furthermore, we
did not detect abnormalities in any of 14 clones examined.
This observation suggests either that Stat92E is not a
downstream component of Hop in eye development or that
the activity of this Stat protein is redundant during the
development of wild-type eyes, perhaps due to a second,
unidentified Drosophila Stat protein. We favor the latter
interpretation, because of the observations described below.
Stat92E Expression in the Eye Imaginal Disc
Indicates a Gradient of Hop Activity
We observed that the lacZ insertion associated with the
stat92E1681 allele can be used as a reporter of Hop kinase
ctivity (Fig. 5). In wild type eye discs, a gradient of lacZ
ctivity is observed, with the highest and the lowest activ-
ty being observed at the poles and the equator, respectively
Fig. 5A). The expression pattern of this reporter is changed
n a hop mutant background. The lacZ activity is uniformly
levated in discs from the hypomorphic hopmsv1 larvae (Fig.
5B, note also the reduced disc size reflecting the require-
ment for hop in cell proliferation and/or survival). In
contrast, the lacZ activity is decreased in discs obtained
from larvae carrying the gain of function mutation hopTum-l
(Fig. 5C), which causes hyperactivation of the Hop kinase
(Luo et al., 1997). These results indicate that Stat92E
expression is downregulated in the equatorial region of the
eye disc and that Hop activity is graded with its peak at the
equator fading toward the poles (see below for discussion).
This phenomenon may suggest a negative feedback mecha-
nism for Stat regulation.
These data are consistent with a model in which there is
a gradient of Hop activity emanating from the equator (Fig.
6). The polarity of the ommatidia is determined by this
gradient such that dorsal and ventral ommatidia meet at the
equator. A hop mutant clone is able to create an ectopic
equator presumably because the normal gradient of Hop
activity is reversed at the margin of the clone, causing the
reversal of ommatidial polarity. Since the requirement of
hop for ommatidial polarity is not cell autonomous, it is
possible that Hop activity sets up a gradient of a diffusible
factor which is sensed by individual ommatidia (also see
below).
Copyright © 1999 by Academic Press. All rightDISCUSSION
FIG. 5. Expression of stat1681–lacZ reflects Hop activity. The en-
ancer trap line stat1681 in third instar eye discs of (A) wild type.
b-Galactosidase activity is lowest at the equator and highest at the
dorsal and ventral poles. (B) Hemizygous hopmsv1. lacZ staining is
niform throughout the eye disc. (C) Hemizyous hopTum-l. lacZ stain-
ng pattern resembles that of the wild type but is much weaker.We have shown that the Hop Jak kinase is required for
several aspects of Drosophila eye development. The small

























438 Luo et al.eye or eyeless phenotypes indicate that hop is required to
promote the proliferation and/or survival of the eye imagi-
nal disc cells. This result is consistent with previous
findings that the imaginal discs fail to develop in mutants
hemizygous for strong recessive hop alleles (Perrimon and
Mahowald, 1986). Our clonal analysis indicates that this
requirement is cell autonomous. The loss of photoreceptor
cells in the adult eyes of the hop transheterozygotes sug-
gests that Hop activity is also required for the development
of photoreceptor cells. In addition, hop appears to be in-
volved in setting up the D/V midline, the equator, and in
polarity interpretation, including ommatidial rotation and
R3/R4 fate specification. Whereas the function of hop in
equator formation is nonautonomous (ectopic equators
form polar to and outside the hop mutant cells), the polarity
nterpretation by hop occurs cell autonomously (only mu-
ant ommatidia inside the clone are affected).
Role of Hop Signaling in Equator Formation
FIG. 6. Schematic summary of hop phenotypes and function in th
ith its peak at the equator and minima at the poles polarizes the
lones, where a new peak of Hop activity is formed. Both dorsal an
n hypomorphic hop allelic combinations the polarization of the equ
eak of Hop activity does not form normally. See text for details.Generation of polarity in the eye disc and establishment
of the equator requires both Wg and Notch signaling path-
H
m
Copyright © 1999 by Academic Press. All rightays (reviewed in Reifegerste and Moses, 1999). It has been
roposed that wg expression at the poles of the eye disc sets
p a secondary signal, which in turn polarizes the eye
Wehrli and Tomlinson, 1998). This wg expression controls
he dorsal expression of genes of the Iroquois complex (e.g.,
irror), which in turn inhibit and restrict expression of
ringe (fng) to the ventral half of the eye disc (Heberlein et
l., 1998; Papayannopoulos et al., 1998; Cho and Choi,
998; Dominguez and de Celis, 1998). The juxtaposition of
ng expressing and nonexpressing cells at the presumptive
/V midline is required for activation of Notch by its
igands Delta (Dl) and Serrate (Ser) at the midline, establish-
ng an organizing center for growth, polarity, and eye
evelopment in general (Papayannopoulos et al., 1998; Cho
nd Choi, 1998; Dominguez and de Celis, 1998).
How does the mutant hop phenotype fit into this sce-
ario? Mutations in both wg-signaling components and hop
ffect equator formation nonautonomously, suggesting that
secondary diffusible signal exists downstream of them.
ablishment of the equator. (A) In wild type a Hop activity gradient
eld. (B) Ectopic equators are found at polar margins of hop mutant
tral halves are equally affected, with a dorsal example shown. (C)
ial region is strongly affected, indicating that in such a scenario thee est
eye fi
d venowever, their phenotypes are different in two ways: (1)
utants in wg-pathway components affect polarity on the















































439Roles of Hop in Eye Developmentequatorial side of a clone (Wehrli and Tomlinson, 1998),
whereas in hop mutant clones, the polarity is reversed on
the polar side (Figs. 4 and 6); and (2) an ectopic equator
forms in the center of a wg-pathway mutant clone (Wehrli
and Tomlinson, 1998), whereas such an ectopic equator
forms outside a hop clone (Figs. 4 and 6). The wg-signaling
ata suggest that (in addition to its indirect role on fng
xpression and thus Notch activation) it controls a diffus-
ble factor as a secondary signal that is either up or down-
egulated (depending on whether it is a positive or negative
actor; Wehrli and Tomlinson, 1998). The nonautonomy of
he hop mutant clones also suggests that a secondary
diffusible signal acts downstream of Hop. However, it
might act in the opposite direction as the one regulated by
Wg due to the opposite influence on polarity by hop and
g-signaling components, respectively (Fig. 6; Wehrli and
omlinson, 1998).
How does Hop activity relate to the mutant hop pheno-
ype? Since ectopic equators form outside hop mutant
issue, a more complicated explanation is required for Hop
ignaling, compared to Wg signaling. The expression pat-
ern of the stat92E reporter in wild-type and hop mutant
ackgrounds indicates that Hop activity is graded within
he eye disc with its maximum and minima at the equator
nd the poles, respectively (Fig. 6). The presence of two
eaks of Hop activity in discs containing a mutant clone
Fig. 6B) and their correlation to the position of the equa-
or(s) suggests that peaks of Hop activity (rather than
bsolute levels) are linked with equator formation. This is
lso supported by the observation that in hypomorphic hop
lleles the equatorial (peak) region is most affected (Figs. 1
nd 6C) and by the fact that expression of the gain-of-
unction HopTum-l mutant protein throughout the eye disc
in eyGal4, UAS-Tum-l stocks) largely randomizes polarity
data not shown).
All together, these observations suggest that there are at
east two different secondary signals acting downstream of
g and Hop and that a rather complicated interplay of these
eads to the final polarity information interpreted by the Fz
ignaling pathway. The full understanding of the nature of
he Wg- and Hop-associated phenotypes, and of their poten-
ial interactions and secondary signals activated, will only
e possible when the presumptive secondary signals are
dentified.
The autonomous polarity phenotypes of hop mutants,
.g., misrotations and the anterior/polarity inversions, sug-
est that Hop is also involved in the interpretation of the
olarity signal behind the morphogenic furrow. Interest-
ngly, the Hop pathway is not the only signaling cascade
equired for both equator establishment and polarity inter-
retation (R3/R4 cell fate decision) in the Drosophila eye.
otch signaling is also critical in both D/V polarity/equator
ormation (Papayannopoulos et al., 1998; Cho and Choi,
998; Dominguez and de Celis, 1998) and polarity
nterpretation/R3-R4 fate decision (Fanto and Mlodzik,
Copyright © 1999 by Academic Press. All right999; Cooper and Bray, 1999). Thus, another potential role
f Hop signaling could be to modulate Notch signaling
ctivity.
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